th birthday.
Tuberculosis is a serious problem in many parts of the world. According to recent data it affects about one-third of the world population and is responsible for 2 million deaths per year [1] . Tuberculosis often occurs as an opportunistic infection or co-infection in HIV-patients or in other cases of an immunesuppressed system. Re-emergence of this disease in a most dangerous, multi-drug resistant form requires the discovery and development of a new generation of drugs. In these aspects natural resources such as plants, fungi, insects, marine organisms, and microorganisms may provide variety of potential drug candidates to treat new forms of tuberculosis [2] . Very little is known about the antitubercular activity of higher fungi (mushrooms). The first report on antitubercular activity of mushrooms dates to 1946 from a Swedish group of researchers who observed that the juice of Agaricus nebulari (synonym Clitocybe nebularis Batsch Quel.) inhibited the growth of human and bovine Mycobacterium tuberculosis [3] . The active compound isolated from this species was identified as purine-9-β-Dribofuranoside, known also as nebularine (1) Two years later the same group isolated nemotinic acid (4) from the cultures of Poria tenuis and Poria corticola [7] . Nemotinic acid completely inhibited growth of M. tuberculosis (H37Rv) at the concentration of 7 μg/mL.
Quadrifidin B2 isolated from Coprinus quadrifidus, also known as Coprinus variegates, inhibited the growth of M. tuberculosis and a variety of Gram positive and Gram-negative bacteria [8] . However, the structure of quadrifidin B2 was never identified. This compound was reported to be highly unstable and toxic to mice and causing dermatitis in man.
In the study of the biological activity of the 29 higher fungi of Chile, the mushroom Peziza repanda has been found to have considerable activity in the zone inhibition assay against 23332Rs/66 and 2627Rs/66 strains of M. tuberculosis [9] .
In recent years, with the re-emergence of tuberculosis in some parts of the world, the search for new TB-drug candidates, also in natural products, intensified. In 2003, a study of secondary metabolites from Scleroderma citrinum Pers. in Thailand revealed compounds with antiviral and antitubercular activities [10] . The methanolic extract of this mushroom showed antiviral activity against Herpes simplex type 1 (IC 50 = 15 μg/mL) and weak activity against M. tuberculosis H37Ra (MIC = 100 μg/mL). Bioassay-guided fractionation of an extract led to isolation of 4,4'-dimethoxyvulpinic acid (5) Recently, several secondary metabolites isolated from the edible mushroom Hypsizigus marmoreus have been shown to exhibit antitubercular activity and an inhibitory effect on tumor promotion [12] . Hypsizigus marmoreus (Peck) Bigel., known in Asia under a common name buna-shimeji, has been reported to exhibit many biological activities such as anti-tumor, antioxidant and antiproliferative activity. Seven sterols and eight polyisoprenepolyols isolated from the non-saponifiable lipid fraction of the CH 2 Cl 2 extract of this mushroom were tested for their antitubercular activity against M. tuberculosis strain H37Rv using the Microplate Alamar Blue Assay (MABA).
Six sterols (9) (10) (11) (12) (13) (14) and two polyisoprenepolyols (15, 19) showed an MIC in the range of 1-51 μg/mL, while the other compounds (8, 16-18, 20-22) were inactive (MIC > 128 μg/mL). Ergosterol peroxide (9) and cerevisterol (10) showed the highest antitubercular potency with MIC values of 1 μg/mL and 6 μg/mL respectively, as compared to a positive control (rifampin MIC 0.25 μg/mL). Antitubercular activity of ergosterol peroxide (9) [13, 14] .
In the course of our own search for antitubercular mushrooms we have found two polypores Cerrena unicolor and an unidentified Trametes sp., inhibiting growth of M. tuberculosis strain H37Ra with MIC values of 5.67 and 6.18 μg/mL, respectively [15] . From the ethanolic extract of C. unicolor we also isolated ergosterol peroxide (9) as an active antitubercular component. To study the structureactivity relationship semi-synthesis of several derivatives of 9 were designed and compounds obtained tested against M. tuberculosis. The importance of the presence of the 3β-hydroxyl group and lipophilic side chain at carbon atom C-17 were shown [15] . The reports of antitubercular activity of other steroids supports the importance of Lipophilicside chains [14, 16] . The presence of an endoperoxide moiety in the molecule is not crucial for activity but its reduction in ergosterol peroxide significantly diminished antitubercular activity [15] .
Isolation of antitubercular secondary metabolites from mushrooms inspired other researchers to use these compounds as models for the development of new anti-TB agents. The almost sixty-year-old observation of antitubercular activity of purine-9-β-D-ribofuranoside (nebularine) (1) isolated from the mushroom Agaricus nebulari [3, 4] , and the more recent anti-TB activity of synthetic 2-methyladenosine [17] , led Long and Parker to study the structure-activity relationships of eighty structurally related nucleosides based on their interactions with adenosine kinase [18] . 2-Methyladenosine showed quite high potency and selectivity for M. tuberculosis (MIC of 4 μg/mL and IC 50 of 80 μg/mL in CEM cells). According to Parker et al., 2-methyladenosine may actually be a pro-drug [19] . Adenosine kinase from Mycobacterium tuberculosis catalyzes the phosphorylation of 2-methyladenosine to 2-methyl-AMP, which is most probably the actual anti-TB agent. Nucleosides are well known for their antiviral and anticancer activities, however, their action as potential drugs against tuberculosis based on activation or inhibition of enzymes such as adenosine kinase must be highly selective, otherwise they may interact with enzymes involved in human purine metabolism.
With high potential in providing prototypes for the development of new drugs, natural products still constitute very attractive material for the discovery of new antitubercular agents.
Mushrooms with their broad range of biological activities may provide excellent candidates to achieve this task.
